Objective. To examine the potential for using routinely collected administrative data to compare the quality and safety of stroke care at a hospital level, including evaluating any bias due to variations in coding practice.
Introduction
Measuring the quality of stroke care is a priority area for the National Health Service (NHS) in England. In July 2010, the Government cited stroke survival rates and emergency readmissions to hospital within 28 days of discharge for stroke as examples of its intentions for the NHS to measure performance 'against results that really matter' [1] . Financial incentives have also been introduced for hospitals to provide thrombolysis [2] , early scans and care on a specialist stroke unit [3] . In 2010, a national report on stroke care highlighted both the enduring variations in hospital treatment and that some levels of care remain unacceptably low [4] . This phenomenon is not restricted to England [5] and, as a result, research has called for indicators to measure stroke care performance [6, 7] .
To date, the most comprehensive and high-profile study to benchmark stroke care in English hospitals has been the National Stroke Sentinel Audit (NSSA). A further bespoke data collection was required after the introduction of mandatory measures regarding stroke care in the NHS operating framework for 2008-09 and 2010-11 [8] . Since 2000, the National Centre for Health Outcomes Development (NCHOD) has published a compendium of some 300 indicators, including 3 indicators based on administrative data specific to hospital stroke care (number of admissions, readmissions and mortality), with a further 6 measures relating to stroke prevention [9] .
Administrative data have been suggested as offering the potential to evaluate the quality of hospital care [10] . In this study we investigate the feasibility of using Hospital Episode Statistics (HES), a database containing details of all admissions to NHS hospitals in England, to evaluate the quality of stroke care at a hospital level. The intention of the study was not to explicitly compare the use of administrative data to other sources, such as clinical audits, but instead to explore whether this readily available resource could provide an alternative, additional method for measuring the quality of hospital stroke care, robust to known issues in coding practice. Specifically, the objectives of the study were to evaluate the following: (1) the hospital-level variation in the measures, in terms of statistical outliers, (2) the influence of bias introduced by commonly cited variations in the coding of the underlying data and (3) convergent validity, in terms of the degree to which theoretically similar measures correlate with one another.
Methods

Developing indicators
The first stage of the study was to identify existing measures of the quality of stroke care and apply these to HES data, followed by an evaluation of the robustness of these indicators. A literature review was conducted to identify indicators of stroke care that could be applied to hospital administrative data, with a subset of six chosen for application here. The indicators were chosen to cover the hospital stroke medical care pathway and include the following: process measures (e.g. scanning rates), outcome measures that are amenable to specific aspects of care (e.g. pneumonia rates, with higher rates indicating fewer patients receive swallow assessments) and outcome measures (e.g. emergency readmission rates) (Fig. 1 ).
The selected indicators were then refined following a review process including a clinical coding specialist, administrative data experts and clinicians as well as being published online as part of an open consultation [11] . Details of the indicators are included in Table 1 .
Application of indicators
The HES database includes some 14 million records every year, with each record covering the continuous period during which the patient is under the care of one consultant [Finished Consultant Episode (FCE)]. Diagnoses are recorded using the International Statistical Classification of Diseases and Related Health Problems, tenth version (ICD-10), and procedures are coded using the Office of Population Censuses and Survey's Classification of Surgical Operations and Procedures, fourth version (OPCS-4) [12, 13] .
The next stage was to extract details of stroke admissions (ICD-10: I60-2 subarachnoid, intracerebral and other nontraumatic intracranial haemorrhages; I63 cerebral infarction and I64 unspecified stroke) from 1 April 2009 to 31 March 2010. The assumptions used in the algorithm for identifying strokes in this study-based on previous studies, consultation with clinical coders and review of coding guidance-are included in the Supplementary data [12, 14] . For instance, if a patient receives more than one episode of care (FCE) during treatment for their stroke, including at different hospitals, these episodes are grouped together into a single admission record ('superspell'). Where a patient is transferred between hospitals, the corresponding performance against the measure is scored against only the first hospital.
Once an extract had been obtained using these criteria, we calculated crude (unadjusted) and case-mix-adjusted rates for every acute NHS hospital across each of the measures. The formulae for these rates are described in the Supplementary data. For the adjusted rates, a logistic regression was used to calculate an expected number of numerator events based on the case mix for each hospital to account for age, sex, socioeconomic deprivation quintile, number of previous admissions, co-morbidities (Charlson index), month of discharge, ethnic group, source of admission (including whether admitted as an emergency or elective patient) and stroke type (4-digit ICD-10 diagnosis code). Process measures (scanning and thrombolysis) are reported here as unadjusted (crude) rates. We plotted the crude and adjusted rates using funnel plots with 95 and 99.8% control limits and identified outliers.
Coding practice
There is a risk that hospitals' performance for these indicators might be largely affected by variation in the way hospitals code their data rather than due to differences in the quality and safety. As such we investigated, at a hospital level, two proxies for the consistency of coding practice and evaluated the relationship between any coding variation and hospital performance. We hypothesized that:
(i) 'coding depth' would bias performance on the aspiration pneumonia measure, with the coding practice in some hospitals increasing the likelihood that they record secondary diagnoses and, therefore, identify complications and comorbidities and (ii) use of the ICD-10 diagnosis code I64 (unspecified stroke) could bias performance on the mortality measure, since different use of this code may affect the risk adjustment for the outcome measures. We also predicted a potential relationship between scanning rates and the use of this unspecified diagnosis Proportion of stroke patients readmitted within 30 days of discharge from hospital Some readmissions are potentially avoidable [27] with, for instance, infections being a leading cause for readmission of stroke patients [28] . Hospitals can be financially penalized for readmissions
Admissions that end in death
Emergency admissions within 0-29 days of discharge code, since conducting a brain scan is the principle way to determine stroke type and, therefore, if any of the specific stroke codes (i.e. other than I64) can be used. To measure the consistency of 'coding depth', we calculated, by hospital, the average number of distinct diagnosis codes per admission. For use of ICD-10 code I64, we calculated, by hospital, the proportion of strokes recorded using this diagnosis code. We calculated correlation coefficients and significance between these indicators of coding practice and relevant quality measures. We re-ran the regression analysis for where the coding issue had a substantial impact, instead fitting generalized linear models with a hospital-level variable to account for variations in coding practice, and again plotted on funnel charts to investigate whether the same hospitals would be identified as outliers.
Inter-measure correlations
We also compared hospitals' performance across the different indicators to evaluate our hypothesis that certain indicators would be correlated with, for example, good management of a stroke unit likely to affect all the quality and safety indicators to some extent. Specifically, we predicted two clinical explanations for correlations:
(i) two indicators measure different events on a defined clinical pathway, e.g. scanning and thrombolysis rates or (ii) an outcome indicator reflects the results of a process indicators, e.g. morality (outcome) and scanning ( process). To test this hypothesis, we investigated associations between hospitals' performance by calculating the coefficient and statistical significance of the correlation.
Analysis
All regression analyses were conducted using SAS version 9.2 using either the PROC LOGISTIC or PROC GLIMMIX procedures. Statistical outliers were identified using funnel plots based on templates provided by the network of public health observatories (www.apho.org.uk). For correlations, the Pearson's correlation coefficient (r) and statistical significance (P) were calculated using Microsoft Excel 2010. Table 2 ), 69.7% were scanned within 1 day of admission, 2.6% received thrombolysis, 5.3% had aspiration pneumonia, 72.8% were discharged to their normal place of residence and 11.0% were readmitted as an emergency within 30 days of discharge. Each stroke identified resulted in, on average, 2.3 episodes of care (FCEs) and fewer than one-in-seven (13.7%) of the patients received care for their stroke in more than one hospital.
Results
Across 147 acute
English NHS hospitals, we identified 91 936 stroke admissions in the period April 2009-March 2010. Of these, 2522 (2.7%) died on the same day as admission, 15 846 (17.2%) died within 30 days of admission and 19 721 (21.5%) died before discharge. Of those patients meeting the inclusion criteria (discussed in
Variations by hospital
Displaying the hospital-level data on funnel plots highlighted the variation in performance (Fig. 2) . With the exception of the measure for emergency readmissions, all the indicators identified at least one hospital as having Total excludes by-next-day scan and combined scan. b Combined scan was calculated as P < 0.001 if both scan indicators had this value and P < 0.025 if both indicators at least P < 0.025.
performance outside the 99.8% control limits (Table 2) . If variations in performance were by chance alone, we would expect approximately four hospitals outside the control limits at the 95% level and none at the 99.8% level, which would be represented in Table 2 as 4 for the measures in each of the P < 0.025 columns and 0 in the P < 0.001 columns).
Coding practice
At a hospital level, the average number of distinct diagnosis codes used per admission ranges from 5.0 to 10.7. There was a statistically significant but weak correlation (r = 0.26, P = 0.002) between this measure of coding depth and performance against the aspiration pneumonia measure. Of the 25 hospitals identified at the 99.8% level in the original regression, 20 (80.0%) were again flagged as outliers at this significance level when coding practice was included in the regression, with no hospitals flagged as having statistically different performance highlighted in the reverse performance category. Secondly, across hospitals the proportion of strokes diagnosed as ICD-10 code I64 (unspecified stroke) varied from 0.2 to 42.6%; however, there is negligible correlation (r = −0.13, P = 0.12) between use of this code and performance in the outcome measure of in-hospital mortality within 30 days. There was a statistically significant but weak correlation (r = −0.17, P = 0.04) between the proportion of patients without a specific stroke diagnosis and the hospital's 1-day scanning rates; this association was expected as a scan is required to determine whether a stroke is ischaemic or haemorrhagic.
Inter-measure correlations
Across the indicators, there were six pairs of indicators that had a statistically significant correlation at the 95% level, of which two were significant at the 99.8% level (Table 3) .
Discussion
The results show the potential for using hospital administrative data to meet the Government's intention to measure stroke care and, moreover, to highlight potentially significant variations in the quality and safety across the care pathway. Six measures of quality and safety, covering the acute stroke care pathway, were applied to English hospital administrative data identifying 91 936 strokes in 1 year. Five of the six indicators identified hospitals with statistically outlying performance at the 99.8% level.
For most of the measures, there is no clinical consensus or guidelines for what actual levels are acceptable. The exception to this rule is in access to a scan, for which extant guidelines recommend that all stroke patients should receive brain imaging 'within a maximum of 24 h after onset of symptoms' and, as such, the actual performance of 69.7% of patients receiving a scan within 1 day of admissions is unacceptable [15] .
By using funnel plots and this control limit, we were able to account for random variation; if the deviation was entirely due to random variation, you would only expect to identify one outlier for every three to four measures (given there are 147 hospitals in the sample). Further to chance, differences in the performance may be due to case mix, how the data were collected or quality of care [16] . Given the ambition was to compare hospitals on the basis of the last of these factors, the previous two also need to be accounted for.
Previous work has highlighted the importance in adjusting for case mix when comparing the performance in stroke care [17] . We accounted for case mix using the patient-level logistic regression to calculate the expected number of events for the outcome measures. However, at a patient level, some significant case-mix factors for stroke, such as severity of stroke and pre-stroke function [18] , are not directly recorded within the data and therefore some of the variation may still be caused by differences in case mix, although any bias will be further diminished by the large number of stroke patients admitted at each hospital, ranging from 171 to 1532. One specific issue relating to case mix originates from stroke care being increasingly delivered in regional networks, whereby certain hospitals are responsible for the urgent care of patients, whilst the other hospitals may take responsibility for rehabilitation. In particular, in these cases, the ambulance service has bypass protocols so that patients eligible for urgent treatment are taken directly to the designated hospital, irrespective of whether there is a nearer hospital, and therefore introducing case-mix bias.
The variation in performance due to how data were collected is harder to disaggregate. Some of the possible variations in coding practice, for example, would mimic recognized alternative hospital pathways, and where procedure codes, such as that for thrombolysis, are not recorded, this will look like the treatment has not been provided. However, we showed that two coding issues that were central to the assumptions for extracting the data explained only a small proportion of the differences in the performance against the measures. There are few studies specifically investigating the accuracy of coding stroke care in healthcare systems using the ICD-10 framework; however, one article on coding in England found that coding of stroke diagnoses was excellent and elsewhere administrative data have been recommended for use in tracking progress and identifying problems for further review [19, 20] . Previous studies have suggested coding is improving and, specifically in the instance of stroke care, the fact that some of the codes are new-for example, the scanning procedure codes were only introduced in 2006-means that it can be expected that there will initially be under-use (and so under-reporting) against these codes and that recording will improve over time [21] . Our hypothesis that similar measures of quality would be correlated could explain the significant correlations that we identified between: same-day scanning and next-day scanning ( positive correlation); same-day scanning and thrombolysis ( positive); scanning rates and mortality (negative); and pneumonia and discharge to usual place of residence within 56 days (negative). The one unexpected, statistically significant result was the positive correlation between same-day scanning (an indicator of good care) and aspiration pneumonia rates (an indicator of poor care). A plausible explanation is that a hospital with more comprehensive coding practices is more likely to record both the scanning procedure code and pneumonia diagnosis code compared with a hospital with less rigorous coding.
In the NSSA, there is already a comprehensive tool for measuring hospital performance in stroke care. However, the underlying data are self-reported and based on a small sample (around 60 patients per hospital), and the NSSA's 2-year reporting cycle coupled with time lag before publication prohibits its use as a real-time monitoring tool. A recent positive development has been the introduction of the Stroke Improvement National Audit Programme that collects realtime data on stroke patients albeit this only covers the first 3 days of care and does not include all hospitals. HES has the advantage of being: longitudinal; timely; covering all hospital admissions and being relatively cheap, costing £1 per record to collect compared with around £10-£60 per record for clinical registers [22] . Whilst NCHOD have made use of some of the potential advantages of administrative data, in assessing a limited number of aspects of stroke care, their indicators are only updated annually and at the time of writing, hospital mortality from stroke was 2 years out of date.
The analysis of coding practice highlighted variations in the data-recording practice of hospitals, even where guidance exists. For example, the current ICD-10 Clinical Coding Instruction Manual 'directs the coder that on emergency admissions for strokes it is of paramount importance that the coder assigns the code for stroke in the primary position' [12] . However, variations in the number of stroke codes recorded in secondary diagnosis fields above what would be expected from different prevalence of stroke as a comorbidity suggest there are, from hospital to hospital, differing proportions of stroke recorded in secondary diagnosis fields. Similarly, an English study evaluating the accuracy of the coding of stroke diagnosis found that the cause of errors was predictable, with confusion in coding of different types of strokes. With limited evidence of consistency, across hospitals, in the likelihood of subarachnoid haemorrhages (ICD-10 I60) being recorded as an unspecified stroke (I64), we included these within the extract, even though such strokes often require different care pathways. This implies that further guidance and training may be needed to ensure consistency in coding [19] . One recent suggestion to facilitate an improvement is to develop better relationships between coders and clinicians [23] .
We explicitly outline our assumptions for identifying strokes in HES data so that they can form the basis of a debate within the medical and coding practitioner community about how to further develop these indicators and the data set itself. Likewise there should be a review of whether some of the coding rules, such as the guidance to not record procedures undertaken before the decision to admit has been taken, should be amended. In particular, this current rule could introduce some bias where hospitals have differing procedures for admitting patients and might also result in an underestimate in, for example, scanning and thrombolysis rates.
Whilst previous studies have used hospital administrative data to measure the performance of aspects of stroke care, none have brought together the multiple facets of the care pathway and instead mostly focused on one area, such as mortality, and on national trends rather than hospital comparisons. A combination of process and outcome measures was used in this study, so benefiting from the advantages of process measures (which tend to be more sensitive to differences in the quality of care and offer a clear action for improvement) and outcome measures (greater intrinsic interest, high face validity and can reflect all aspects of care, including those that are otherwise difficult to measure such as technical expertise and operator skill) [16, 24] .
This exploratory study shows that HES provides the facility to record some key process and outcome measures across care pathways in a cheap and timely manner. These results could be linked to structural measures, such as existence of specialist stroke units or a 24-h service, to investigate their effectiveness. However, there are important limitations to the data, such as lack of coding consistency and information on stroke severity. Therefore, the utilization of such measures-whether, for example, for a hospital's internal benchmarking or by regulators to identify potential quality issues-must be in proportion to the confidence over the validity of the individual indicators.
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